Summary
The Previous investigations in this laboratory have shown that the activity of tyrosine hydroxylase in adrenal gland of guinea pig decreased in scurvy, and was recovered by the administration of ascorbic acid. This increase of the enzyme activity on the administration of ascorbic acid was found to be due to the increased amount of enzyme protein (1, 2) .
MUELLOR et al. demonstrated that the administration of reserpine, which is known to cause an increase in preganglionic sympathetic neurone activity, produced an increase in tyrosine hydroxylase activity (3) . This increase in the enzyme ac tivity was also due to the increased amount of the enzyme protein (3, 4) . It was suggested that this increased activity was the result of an increased amount of the enzyme protein caused by a reflex increase in sympathoadrenal activity (5, 6 Normal guinea pigs received 0.1mg of reserpine or 200mg of ascorbic acid per day for last 3 days by intraperitoneal injection (Fig. 1) . A dose of reserpine produced an increase in the enzyme activity in normal adrenal gland, although no significant changes in the enzyme activity was observed by the administration of ascorbic acid. Therefore, no increase in the enzyme activity was observed by the administration of an excess amount of ascorbic acid to normal guinea pig. Although the amount of reserpine administered to guinea pig (0.1mg/kg) was smaller than that described for rat in many other references (1.25mg/kg), about 1.5 fold increase in the enzyme activity occurred 3 days after the reserpine ad ministration.
Scorbutic guinea pigs were administered 0.1mg of reserpine, or 200mg of ascorbic acid or both reserpine and ascorbic acid per day for the last 3 days (Fig.  2) . No significant elevation in the enzyme activity was found by the administration of reserpine to the scorbutic guinea pig. However, a dose of ascorbic acid pro duced about a 2-fold increase in the enzyme activity. When ascorbic acid and reserpine were given at the same time, a 3-fold increase in the enzyme activity was observed. These data indicated that no increase in the enzyme ac tivity was observed by the administration of reserpine in scurvy. Therefore, ascorbic acid was considered to be a necessary factor for the induction of tyrosine hydroxylase.
Effect of ascorbic acid and reserpine on catecholamine levels in adrenal glands
Administration of reserpine, a drug which diminishes the activity of the central nervous system, augments the release of catecholamine in adrenal glands (18) . If the sympathetic neurone activity affected by reserpine was injured in scurvy, the release of catecholamine would not be augmented by the administration of reserpine. Therefore, to make clear why reserpine did not increase tyrosine hydro xylase activity in scurvy, catecholamine levels in adrenal glands were determined after the administration of ascorbic acid (200mg/day) to the scorbutic guinea pig (Fig. 3) . Catecholamine levels in adrenal glands were decreased by the adminis tration of reserpine in both the scorbutic and the non-scorbutic guinea pigs. As ascorbic acid did not affect the release of catecholamines in adrenal gland, it became clear that the sympathetic neurone system was not injured in scurvy.
As catechol compounds inhibits the activity of tyrosine hydroxylase, it was considered that catecholamines inhibits the enzyme activity to catalyze the rate limiting step in the biosynthesis of catecholamines by end-product inhibition in vivo (14) (15) (16) (17) . As catecholamine levels in adrenal glands decreased in both the scorbutic and the non-scorbutic guinea pigs, no increase in the enzyme activity in scurvy was not caused by the difference of the end-product inhibition by catechola mines.
In the scurvy, the adrenal catecholamine levels decrease to about 60% of that of the ascorbic acid-supplemented group. Therefore, the increase in the enzyme Fig. 3 . Effect of ascorbic acid and reserpine on catecholamine levels in adrenal glands of the scorbutic guinea pig. Catecholamine levels in adrenal glands were determined after administration of ascorbic acid (200mg/day) or reserpine (0.1mg/day) for the last 3 days by intraperitoneal injection to the scorbutic guinea pig. Catecholamine contents were determined as described in MATERIALS AND METHODS.
activity caused by ascorbic acid must be due to some other mechanism than reser pine. Effect of Fe2+ on tyrosine hydroxylase activity To determine whether the induction of tyrosine hydroxylase was responsible or not to the deficiency of Fe2+, the enzyme activity was determined after the ad ministration of Fe2+ in the scorbutic guinea pig. The increase in the enzyme activity was observed after the administration of ferrous sulfate (20mg/day) by intraperitoneal injection for 3 days to the scorbutic guinea pigs (Fig. 6) . Therefore, ACID AND TYROISNE HYDROXYLASE 361 Fig. 6 . Effect of Fe2+ on tyrosine hydroxylase activity in adrenal glands of the scorbutic guinea pig. Tyrosine hydroxylase activity was determined after administration of ferrous sulfate (20mg/day) for the last 3 days by intraperitoneal injection to the scorbutic guinea pigs. The enzyme activity was assayed as described in MATERIALS AND METHODS. assumption was possible that ascorbic acid affected tyrosine hydroxylase induction via Fe2+.
DISCUSSION
The results of our experiment demonstrated an increase in tyrosine hydro xylase activity in adrenal gland after the administration of ascorbic acid to the scorbutic guinea pigs. However, no rise in the enzyme activity was observed by administration of ascorbic acid to the non-scorbutic guinea pigs. In a previous paper, we have shown that the rise in the enzyme activity elicited by ascorbic acid can be blocked by treatment with protein synthesis inhibitors such as puromycin and actinomycin D. Immunochemical titration of the enzyme in both adrenal gland of the scorbutic and the non-scorbutic guinea pigs demonstrated that en hanced enzyme activity is entirely attributed to the accumulation of the specific enzyme protein (2) .
On the other hand, recent studies have demonstrated that after the stimulation of the nerve to peripheral organs or the destruction of postganglionic sympathetic nerve endings by reserpine, not only the increase in the activity of tyrosine hydro xylase, but also the increase in the amount of the enzyme protein occurred (3) (4) (5) . The reserpine induced increase of tyrosine hydroxylase activity can be blocked by cycloheximide and actinomycin D (21, 22) . By immunochemical titration, TOH et al. demonstrated that the increase of the enzyme activity in adrenal gland elicited by reserpine resulted from accumulation of specific enzyme protein (4) . However, as shown in this paper, chronic administration of reserpine to the scor butic guinea pig did not increase the activity of tyrosine hydroxylase.
